Using surface x-ray scattering, we have studied a (3 X 1) Si(111) [4 -10]. In contrast to the clean surfaces, the precise atomic structures of the adsorbate-induced (3 X 1) phase is unknown and the subject of considerable debate [7,9,10]. Although a full structural solution was not available, low energy electron diffraction (LEED) measurements reveal strikingly similar intensity-voltage (I V) curves for th-e (3 X 1) phases induced on Si(111) by Li, Na, K, Cs, and Ag, adsorbates with widely differing atomic sizes [6]. This strongly suggests that the observed (3 X 1) phase is predominately a Si reconstruction common to the different adsorbate s.
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In this Letter, we determine the atomic structure of a chemisorption-induced, large scale (3 X 1) Si reconstruction using in situ x-ray scattering. CaF2 is an ionic insulator with an fcc-type structure and lattice constant similar to Si, and has been observed to form a series of ordered reconstructions on Si(111)-7 X 7 with increasing submonolayer coverages [5] . The first of these is a (3 X 1) phase, which forms at coverages from as low as --, 0 monolayer (ML), to as high as -3 ML [11, 12] . We find that the CaFz/Si(111)-(3 X 1) reconstruction is primarily a Si reconstruction, with a parallel array of zigzag Si adatom chains oriented along (110). The basic structural unit, the adatom chain, forms a five-member ring in (110) projection. The domain size of the (3 X 1) phase is comparable to that of the original Si(111)-(7 X 7) reconstruction on our samples. Moreover, this surface structure, with no dangling bonds at only 3 monolayer adsorbate coverage, may explain the occurrence of (3 X 1) reconstructions among a diverse range of Si-adsorbate systems.
The experiment was performed at beam line X-16A of 
The difference map reveals two distinct peaks [ Fig. 1(b) (Fig. 4) confirms the atop assignment (g2 = 1.26). The fit to the rod is refined on four atomic z coordinates (two for Si, one for Ca, and one for F), a "Debye-%aller" roughness parameter, and an overall scale factor (see Fig. 4 DE-AC012-76CH00016.
